Background--Circulating proteins are exposed to vascular endothelial layer and influence their functions. Among them, adipsin is a member of the trypsin family of peptidases and is mainly secreted from adipocytes, monocytes, and macrophages, catalyzing the rate-limiting step of the alternative complement pathway. However, its pathophysiological role in cardiovascular disease remains to be elucidated. Here, we examined whether serum adipsin levels have a prognostic impact in patients with coronary artery disease.
C ardiovascular risk factors, such as hypertension, diabetes mellitus (DM), dyslipidemia, and smoking, have been used for "risk classification" of patients with coronary artery disease (CAD). 1 The assessment of these factors is important for predicting future cardiovascular events. 2 In particular, acute myocardial infarction (AMI) is a fatal cardiovascular event and is the most common cause of sudden cardiac death. 3 AMI has become an important social issue because of the increasing number of patients with ischemic cardiomyopathy and resultant heart failure. 4 It is well known that the levels of hsCRP (high sensitivity C-reactive protein), [5] [6] [7] brain natriuretic peptide (BNP), 8 D-dimer, 9 and fibrinogen 10 can predict the incidence of future cardiovascular events. However, these biomarkers are also increased in patients with inflammatory diseases. 11 Thus, it is important to develop a novel biomarker for prediction of CAD and cardiovascular events. Circulating cytokines/chemokines and growth factors regulate endothelial functions 12 and promote the development of vascular diseases. 13, 14 Indeed, vascular diseases are characterized by endothelial dysfunction, vascular smooth muscle cell (VSMC) proliferation, and inflammatory cell accumulation in the adventitial adipose tissues. [15] [16] [17] Cardiovascular risk factors (eg, hypertension, DM, dyslipidemia, smoking, and aging) induce vascular oxidative stress and trigger a variety of vascular disorders including CAD. 18, 19 Enhanced vascular oxidative stress promotes the secretion of cytokines/chemokines and growth factors from vascular wall cells (eg, endothelial cells, vascular smooth muscle cells, inflammatory cells, and adventitial adipocytes). 15, 20 Thus, the interactions between those cells play crucial roles in the development of vascular diseases, where many cytokines/chemokines and growth factors are substantially involved. 21, 22 Based on the crucial roles of those circulating factors, we attempted to screen the best biomarker for predicting prognosis and found adipsin in the serum of patients with CAD. Adipsin is a member of the trypsin family of peptidases, which was later identified to be component factor D. 23, 24 Adipsin is mainly secreted from adipocytes, monocytes, and macrophages, catalyzing the rate-limiting step of the alternative complement pathway. 25 In this pathway, adipsin cleaves complement factor B and catalyzes the formation of complement 3 (C3) convertase, which leads to a hydrolysis cascade that produces various complement fragments including C3a, C3b, C5a, and C5b. 25 The complement system also bridges and regulates the balance between the coagulation and fibrinolysis system. 26 Indeed, the coagulation and the fibrinolysis cascade communicate through many connections including the complement system. 26 For example, thrombin directly cleaves C3 and its activation fragments, and can cleave C5 into C5a. 26 In contrast, it is known that thrombin activatable fibrinolysis inhibitor, which inhibits fibrinolysis, inactivates C3a and C5a. 26 Importantly, we have recently demonstrated that thrombin activatable fibrinolysis inhibitor activates intracellular signaling in endothelial cells and vascular smooth muscle cells, promoting vascular remodeling. 27 Additionally, the complement system augments the expression of tissue factor and plasminogen activator inhibitor-1 by C5a and promotes the coagulation cascade. 26 Thus, thrombin activatable fibrinolysis inhibitor may play a crucial role in the regulation of the complement system, which causes endothelial dysfunction, vascular smooth muscle cell proliferation, and adventitial inflammation. 27 When considering the role of adipsin in the alternative complement pathway and its strong expression in the adventitial adipose tissue, we hypothesized that adipsin may potentially be involved in the pathogenesis of CAD. In the present study, we thus tested our hypothesis that serum levels of adipsin are a useful prognostic biomarker in those patients.
Methods
The data that support the findings of this study are available from the corresponding author upon reasonable request.
Study Population
The ethical review board of Tohoku University approved the study protocol, and written informed consent was obtained from all patients (No. 2008-470) . From January 2008 to June 2011, a total of 377 patients were referred for diagnostic cardiac catheterization for evaluation of chest pain and/or ECG abnormalities at our Tohoku University Hospital. The patients enrolled had evidence of myocardial ischemia on exercise ECG and/or myocardial radionuclide imaging. Patients with unstable angina or AMI were excluded from the present study. Seven of the patients were lost to follow-up attributable to the Great East Japan earthquake disaster, March 11, 2011.
Evaluation of Coronary Artery Stenosis
Two experienced cardiologists, who were blinded to the patients' data, including serum levels of cytokines/chemokines and growth factors, evaluated the coronary angiograms. The severity of coronary stenosis was assessed according to the American Heart Association standards. A narrowing of the lumen by >51% of the diameter was considered as a clinically significant stenosis.
Baseline Measurements
In all patients, the medical history was recorded, including details of any previous myocardial infarction, previous revascularization, angina pectoris, hypertension, previous stroke or transient ischemic attacks, DM, and smoking status. Patients with hypertension were regarded as being at risk if their blood pressure was ≥140/90 mm Hg or if they had a history of antihypertensive drug use. Patients with DM were regarded as being at risk if their fasting glucose level was ≥126 mg/dL or
Clinical Perspective
What Is New?
• Serum adipsin levels predict all-cause death in patients with coronary artery diseases.
• Serum adipsin levels predict future incidences of acute myocardial infraction in patients with coronary artery diseases.
• Elevating serum adipsin levels are associated with cancer death in patients with coronary artery diseases.
What Are the Clinical Implications?
• Adipsin plays an important role in the pathogenesis of coronary artery diseases and is also useful as a novel biomarker and therapeutic target.
• Serum adipsin level is a useful biomarker to predict future incidences of acute myocardial infarction and to predict new onset of cancer.
if they had a history of hypoglycemic drug or insulin use. Patients with dyslipidemia were regarded as being at risk if their low-density lipoprotein cholesterol level was ≥140 mg/ dL or their high-density lipoprotein cholesterol level was ≤40 mg/dL, or if they were taking a lipid-lowering drug. Fasting blood samples were collected for measurement of cytokines/chemokines and growth factors immediately before coronary angiogram from the antecubital vein with patients in the supine position. Serum samples were collected and were centrifuged for 10 minutes at 2500g within 30 minutes of blood collection, and aliquots were stored at À80°C. Serum levels of hsCRP were measured using the sandwich technique (Roche Diagnostics). Values of other laboratory parameters were obtained with an autoanalyzer at the Tohoku University Hospital. 
Measurement of Cytokines/Chemokines and Growth Factors

Immunofluorescence Staining
For immunofluorescence staining, coronary arteries obtained from patients who died of AMI were fixed with 4% phosphatebuffered paraformaldehyde and were embedded in optimal cutting temperature. For immunostaining, we used the following primary antibodies: adipsin (200:1, Santa Cruz Biotechnology, Inc., sc-47683) and a-smooth muscle antibody (400:1, Sigma-Aldrich, 113200). Tissue sections were mounted using ProLong Diamond Antifade Mountant with 4 0 ,6-diamidino-2-phenylindole (Thermo Fisher Scientific) and was visualized on an LSM780 confocal microscope (Carl Zeiss).
Follow-Up
Information on death, rehospitalization, and revascularization was obtained annually using follow-up questionnaires, telephone interviews, and medical records. The primary end point was the composite of all-cause death, rehospitalization, and revascularization, while the secondary end points consisted of all-cause death, rehospitalization, and revascularization. The primary and secondary end points were analyzed based on the time to the first occurrence. Composite cardiovascular death was defined as death caused by AMI, heat failure, stroke, sudden death, and other cardiovascular death. Rehospitalization was defined as hospital admission for any cause after enrollment in the present study. Revascularization was defined as undergoing percutaneous coronary intervention or coronary artery bypass grafting after enrollment in the study.
Statistical Analysis
Categorical variables were presented as numerals and percentages. Continuous variables were presented as meansAESDs. Correlations between serum adipsin levels and age, BNP, or hsCRP levels were analyzed using the Spearman correlation coefficient. Differences in serum adipsin levels in terms of sex, smoking status, and the presence of hypertension, DM, or dyslipidemia were analyzed by Fisher exact test.
To determine the most appropriate cutoff points for high and low serum adipsin levels, we performed classification and regression tree (CART) analysis, which is an empirical, statistical technique based on recursive partitioning of the data space to predict the response. 28 Briefly, the models were obtained by binary splitting of the data by the value of predictors, and the split variable and split point were automatically selected from possible candidate predictor values to achieve the best fit. Then, one or both "child nodes" were split into 2 regions recursively, and the process continued until some stopping rule was applied. Finally, the result of this process has been represented as a binary decision tree. We also performed the CART analysis to determine the most appropriate cutoff point for levels of BNP and hsCRP. Kaplan-Meier curves were plotted based on the cutoff points of primary end point for each biomarker. KaplanMeier curves were plotted for the primary end point, all-cause death, rehospitalization, and revascularization relative to the cutoff points. The log-rank test was applied to compare eventfree survival between groups. Cox proportional hazards model was used for univariable and multivariable analyses. To assess the nonlinear and time-varying effects in hazard ratio (HR) of the primary end point, an HR plot was plotted. All P values were 2-tailed, and a P<0.05 was considered to be statistically significant. All analyses were performed with R, version 3.1.3 (R Foundation for Statistical Computing, Vienna, http:// www.R-project.org/). 28 Additionally, an HR plot was illustrated in using the "rms" package in R.
Results
Identification of Adipsin by Multiple Screening
First, we performed cytokines array analyses to evaluate the serum levels of cytokines/chemokines and growth factors. Importantly, cytokines array showed that many cytokines were significantly elevated in patients with CAD compared with those without it. Then, we performed the CART analysis to evaluate the best biomarker for the prediction of the primary end point, ie, the composite of all-cause death, rehospitalization, and revascularization. Importantly, among the 50 cytokines/chemokines and growth factors examined, serum levels of adipsin were identified as the best biomarker for poor prognosis in patients with CAD ( Figure S1 ). Baseline characteristics of the 370 patients are shown in Table 1 . The mean age was 64AE13 years, 66% of them were men, and 49 (13%) died after a mean of 3.2 years (range, 1.5-4.8 years).
Among them, 62% had hypertension, 34% had DM, 50% had dyslipidemia, and 30% had a history of smoking. The cutoff point of serum adipsin level was 400 ng/mL as determined by the CART analysis. Baseline characteristics of the groups with higher (≥400 ng/mL) and lower (<400 ng/mL) levels of serum adipsin are shown in Table 1 . Additionally, serum levels of cytokines/chemokines and growth factors in the groups with higher (≥400 ng/mL) and lower (<400 ng/mL) levels of Values are expressed as averageAESD unless otherwise indicated. ACEIs indicates angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; BMI, body mass index; BP, blood pressure; CCBs, calcium channel blockers; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HbA 1c , glycated hemoglobin; HDL, high-density lipoprotein; hsCRP, high-sensitivity C-reactive protein; IHD, ischemic heart disease; LDL, low-density lipoprotein; LVEF, left ventricular ejection fraction.
serum adipsin are shown in Figure S2 . Interestingly, serum adipsin levels were not associated with classic risk factors for atherosclerosis, including smoking, DM, dyslipidemia, and aging except hypertension ( Figure S3 ).
Long-term Outcomes
We also examined the causes of death during the follow-up period in this population. During the median follow-up period of 71 months (interquartile range, 55-81 months), 226 patients (61%) reached the primary end point, mainly allcause death ( Figure 1A ). Regarding the serum adipsin levels, 45 of 260 patients (17%) died in the higher group, while 6 of 110 (5%) died in the lower group ( Figure 1B) . In the present study, among the 199 patients who were admitted to hospitals, 61 underwent coronary artery bypass grafting or percutaneous coronary intervention. In particular, in the higher and lower adipsin level groups, 158 (61%) and 41 (37%) were admitted to hospitals ( Figure 1C ), and 49 (19%) and 12 (11%) underwent coronary revascularization (Figure 1D ), respectively. Notably, 4 deaths (8.9%) attributable to AMI occurred in the higher adipsin level group, whereas there was no AMI in the lower adipsin level group ( Figure S4A) . Thus, in this study population, serum adipsin levels had a significantly higher specificity for predicting death caused by AMI. Regarding "other cardiovascular death" (aneurysm rupture, peripheral ischemia, aortic dissection, and cerebrovascular events excluding AMI), 7 patients (3%) with higher adipsin levels and 3 (3%) with lower adipsin levels died (Table 2 ). In addition, 12 (5%) and 3 (3%) cancer deaths were noted in the higher and lower groups, respectively (Table 2) . Importantly, serum adipsin levels were significantly elevated in patients with cancer death compared with those without it ( Figure S5 ). Regarding "other causes of death (eg, accident, pneumonia, respiratory failure, and renal failure)," 10 patients (4%) with higher adipsin levels and no patients (0%) with lower adipsin levels died ( Table 2 ). Detailed causes of death were not available in the remaining 9 (4%) ( Table 2 ).
Prognostic Impacts of Serum Adipsin Levels
We next examined whether plasma levels of BNP and serum levels of hsCRP and adiponectin could predict all-cause death, rehospitalization, and revascularization. The cutoff points of 
Primary endpoint
Probability of no event
Adipsin <400 (ng/mL) Adipsin ≥400 (ng/mL)
Hazard ratio,2.5 (95%CI, 1.8-3.5) P<0.001 (log-rank)
All-cause death
Survival ratio
Hazard ratio,4.2 (95%CI, 1.7-10.6) P<0.001 (log-rank)
Rehospitalization
1-rehospitalization
Hazard ratio,2.4 (95%CI, 1.7-3.5) P<0.001 (log-rank)
Revascularization
1-revascularization
Hazard ratio,1.8 (95%CI, 0.9-3. BNP, hsCRP, and adiponectin were determined as 100 pg/ mL, 1 mg/L, and 9373 ng/mL, respectively, by the CART analysis. Higher plasma BNP levels were associated with the primary end point ( Figure S6A ), all-cause death ( Figure S6B ), and rehospitalization ( Figure S6C ), but not with revascularization ( Figure S6D ). This was also the case with serum hsCRP levels ( Figure S7 ) and serum adiponectin levels ( Figure S8 ). Next, we examined the ability of combinations of serum adipsin levels with plasma BNP or serum hsCRP levels to predict prognosis compared with each level alone. Serum adipsin levels were significantly correlated with plasma BNP and adiponectin levels ( Figure S9A and S9B), but not those of hsCRP levels ( Figure S9C ). We further compared the performance of the combinations of adipsin and these biomarkers in predicting prognosis compared with each level alone. The combination of higher serum adipsin levels and higher plasma BNP levels was more significantly associated with the primary end point (Figure 2A ), all-cause death ( Figure 2B ), and rehospitalization ( Figure 2C ), but not with revascularization ( Figure 2D ), than lower serum adipsin levels or lower plasma BNP levels alone. Additionally, the combination of higher serum levels of adipsin and hsCRP levels was more significantly associated with the primary end point ( Figure 3A ), allcause death ( Figure 3B ), and rehospitalization ( Figure 3C ), but not with revascularization ( Figure 3D ), than lower serum levels of adipsin or hsCRP alone. Moreover, we fitted univariable Cox proportional hazard model utilizing 50 proteins as the independent variables. The significance was assessed using Bonferroni correction. As a result, the A B C D Figure 2 . Kaplan-Meier curves based on the levels of adipsin and brain natriuretic peptide (BNP). The combination of adipsin levels (≥400 ng/mL) and BNP levels (≥100 pg/mL) was more significantly associated with (A) primary end point, (B) all-cause death, and (C) rehospitalization than the combination of adipsin levels (<400 ng/mL) and BNP levels (<100 pg/mL).
proportional hazard assumption was satisfied in all candidate covariates except for TNF-related apoptosis-inducing ligand (TRAIL). The additive Cox proportional hazard model with spline representation was fit for TRAIL, although it was not significant with P=0.876. Adipsin and cyclophilin A were still significant with adjusted P<0.001 by Bonferroni correction. Finally, we used Cox proportional hazards model for multivariable analysis. In multivariable analyses including age, sex, body mass index, glycated hemoglobin, presence of hypertension, dyslipidemia, DM, smoking status, aspirin, statins, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, calcium channel blockers, estimated glomerular filtration rate, BNP levels, and hsCRP levels, serum adipsin levels remained associated with the primary end point and rehospitalization, but not with all-cause death or revascularization (Table 3) . Next, we analyzed the nonlinear and timevarying effects in HRs of the primary end point by an HR plot ( Figure S10 ). HR plot revealed that serum adipsin levels were an accurate biomarker for predicting the primary end point in patients with CAD. There was a slightly worsening trend in prognosis, but the prognostic effect of adipsin level according to time was not significant and independent of the length of follow-up period. Additionally, to assess adipsin's performance of prediction, we conducted simulation study as follows. First, we randomly separated the data set into the training set with three fourths of the total observations, and the validation set with one fourth of the observations. Next, we fit the CART model using the training set to identify the protein for prediction of the primary end point and its threshold. Finally, we defined an indicator to classify the risk strata using the detected protein and its threshold, and we fit the Cox proportional hazard model using the indicator in the training and the validation sets. We repeated this simulation for 1000 runs and calculated the median (interquartile range) of the cutoff of adipsin and the HRs in the training and the validation sets of the iterations. Of the 1000 runs of the simulation, adipsin was selected 945 times as the predictor of the primary end point with the cutoff of 395. 
Serum Adipsin Levels Predict Deaths Caused by AMI
During the follow-up period, 5 patients had an incidence of AMI, and 4 of them died. Importantly, all of them were in the A B C D Figure 3 . Kaplan-Meier curves based on the levels of adipsin and hsCRP (high sensitivity C-reactive protein). The combination of adipsin levels (≥400 ng/mL) and hsCRP levels (≥1 mg/L) was more significantly associated with (A) primary end point, (B) all-cause death, (C) rehospitalization, and (D) revascularization than the combination of adipsin levels (<400 ng/mL) and hsCRP levels (<1 mg/L). group with higher serum adipsin levels (Table 2) . Here, we performed receiver operating characteristic analysis, which showed that serum adipsin levels were useful for predicting death caused by AMI (C-statistic, 0.84 [sensitivity, 64.8%, specificity, 100%]) ( Figure S11A ). Furthermore, serum adipsin levels predicted the future incidence of AMI in patients with CAD (C-statistic, 0.809 [sensitivity, 64.9%, specificity, 100%]) ( Figure S11B Figure S12C ), or for predicting future incidence of AMI in patients with CAD (C-statistic, 0.589; 95% CI, 0.298-0.879 [sensitivity, 52.5%, specificity, 80.0%]) ( Figure S12D ). Thus, in this study population, serum adipsin levels had a significantly higher specificity for predicting the death caused by AMI ( Figure S11A ). 
Enhanced Adipsin Expression in Atherosclerotic Unstable Plaque
Adipsin is secreted from adipocytes, monocytes, and macrophages. 25 Moreover, serum adipsin levels were elevated in patients with CAD and predicted death caused by AMI. Thus, we hypothesized that adipsin is also expressed in coronary atherosclerotic plaque in patients with CAD. To test this hypothesis, we performed immunostaining for adipsin in coronary arteries obtained from patients who died of AMI. Importantly, expression of adipsin was especially higher in the atherosclerotic plaque and adventitial adipocyte tissue in a patient (Figure 4 ), suggesting that adipsin is potentially involved in the unstabilization of atherosclerotic plaque in patients with CAD.
Discussion
The major findings of the present study are that: (1) the rates of all-cause death and rehospitalization were significantly higher in patients with higher serum adipsin levels than in those with lower serum adipsin levels; (2) serum adipsin levels, when combined with BNP or hsCRP levels, had better predicting capabilities; and (3) serum adipsin levels predicted the incidences and deaths caused by AMI in patients with CAD. These results indicate that serum adipsin levels have prognostic impacts for all-cause death and rehospitalization in patients with CAD and that combination of the adipsin levels and other established biomarkers (hsCRP and BNP) further enhances the prognostic impacts in those patients.
Adipsin in the Pathogenesis of Atherosclerosis
Adipokines are secreted from adipose tissue 29 and may promote the development of CAD. 30 In a clinical study, it was reported that plasma adipsin levels predict the occurrence of ischemic stroke. 31 However, no study has ever addressed the role of adipsin in the pathogenesis of atherosclerosis in animals or humans. In the present study, by using a cytokines array, we demonstrated that serum levels of adipsin predict the long-term prognosis of patients with CAD. Indeed, higher adipsin levels were significantly associated with all-cause death and rehospitalization compared with lower adipsin levels. Thus, adipsin could be a potentially novel biomarker that reflects the development of atherosclerosis, although further analyses using genetically modified animal models are needed. It is widely known that circulating levels of BNP, 32 homocysteine, 33 oxidized low-density lipoprotein cholesterol, 34 and CRP 35 can predict future revascularization.
However, circulating levels of these biomarkers are also elevated in patients with other diseases. Thus, serum adipsin levels could be a more specific biomarker that reflects the presence of atherosclerosis. Interestingly, adipsin is secreted from adipocytes and also from monocytes and macrophages, catalyzing the rate-limiting step of the alternative complement pathway. 25 Additionally, adipsin is closely associated with the metabolic state and insulin resistance in mice. 23 A recent clinical study demonstrated that plasma adipsin levels are correlated with insulin resistance in patients with obesity. 36 In contrast, adipsin is mechanistically important for pancreatic b-cell function in patients with type 2 DM. 29 Thus, the interpretation of these reports is complex but indicates the potential role of adipsin in the pathogenesis of atherosclerosis. Recently, Meloche et al 37 reported that bromodomain protein 4 is a trigger not only for pulmonary arterial hypertension but also for calcification and remodeling processes in patients with CAD. Bromodomain protein 4 is an important regulator of the proliferation/apoptosis balance by modulating gene expression 38 and plays crucial roles in post-DNA damage events. 39 In the present study, the cancer deaths were significantly increased in the group with higher serum adipsin levels compared with the group with lower serum adipsin levels. This may suggest that adipsin is involved in the pathogenesis of atherosclerosis and cancer. In addition to adipsin, 25 adipose tissues also secrete various inflammatory cytokines (eg, tumor necrosis factor-a) and chemokines (eg, monocyte chemoattractant protein), which leads to insulin resistance, dyslipidemia, and adipose tissue dysfunction, 40, 41 and unstabilizes coronary atherosclerotic plaques. 42 Increased levels of serum adipsin are closely related to the increased metabolic disturbances. 43 Moreover, adipsin promotes lipid accumulation and adipocyte differentiation. 44 Consistently, we found a strong expression of adipsin in the coronary atherosclerotic plaque of patients with AMI. Moreover, in the present study, 4 deaths caused by AMI were in the group with higher adipsin levels, whereas there were no deaths in the group with lower adipsin levels. Indeed, receiver operating characteristic curves clearly showed that serum adipsin levels predicted the incidence of and deaths caused by AMI in patients with CAD. Thus, adipsin may be involved in unstabilization of coronary atherosclerotic plaque and could be a novel biomarker to predict the future incidence of AMI.
Comparison Between Adipsin and Other Biomarkers
In the present study, we compared serum levels of adipsin with other biomarkers (BNP and hsCRP). It is well known that higher plasma BNP levels predict adverse prognosis, 45 including the risk of cardiovascular death. 8 Additionally, plasma levels of processed forms of BNP (N-terminal pro-BNP) can predict the incidence of revascularization. 32 Moreover, higher serum levels of hsCRP (>1 mg/L) predict future cardiovascular events. 6 Similarly, in the present study, higher serum hsCRP levels were associated with all-cause death and rehospitalization. However, serum hsCRP levels are elevated not only in patients with CAD but also in those with infectious diseases, 6 which may limit the usefulness of hsCRP as a specific biomarker for cardiovascular events. In the present study, there was no correlation between serum levels of adipsin and those of hsCRP. Thus, we consider that adipsin is secreted from adipose tissue while CRP is produced mainly by the liver and indirectly reflects the levels of circulating inflammatory cytokines. 19 We also examined whether combination of adipsin and other biomarkers could better predict prognosis than each biomarker alone. Indeed, the combination of adipsin and BNP levels significantly better predicted the incidence of all-cause death and rehospitalization than each biomarker alone. This was also the case with hsCRP. These results suggest that the combination of adipsin levels and other biomarkers enhances the prognostic impacts for patients with CAD. BNP and hsCRP levels are frequently used as useful biomarkers in the clinical practice. Thus, additional use of adipsin could further improve clinical practice with biomarkers.
Adipsin Levels Predict Cancer Death
Cardiovascular diseases are the major cause of death in patients with CAD. 46 However, the causes of death in patients with CAD are often noncardiac, especially after the establishment of medical therapies and coronary interventions. 47 Recently, it has been noted that patients with cardiovascular diseases are at increased risk of cancer death. 48, 49 In the present study, 15 patients died as a result of cancer during the follow-up. Interestingly, serum adipsin levels were significantly elevated in patients who died of cancer. Indeed, the risk factors for atherosclerosis and cancer are common, such as advanced age, DM, dyslipidemia, and smoking, all of which induce systemic inflammation and enhanced oxidative stress. In the present study, cancer death was also a major cause of death, demonstrating that patients with CAD are at increased risk of cancer death. Some medications for cardiovascular diseases may have influenced the incidence of cancer. 50 Indeed, patients with higher adipsin levels had a higher frequency of use of aspirin, statins, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, and calcium channel blockers than those with lower adipsin levels. Here, it has been reported that angiotensin receptor blockers could be associated with a modestly increased risk of cancer, 51 whereas a recent study has denied this notion. 52 57 This study has directly demonstrated that inflammation promotes atherosclerosis and cancers. In the present study, serum adipsin levels were significantly elevated in patients with cancer death compared with those without it. Indeed, adipsin-mediated effects on alternative complement pathway may have augmented coagulation and inflammation in patients with CAD. Here, we consider the potential role of higher levels of circulating cytokines/chemokines and growth factors to promote atherosclerosis and cancer. In the present study, serum levels of IL-1a, IL-15, IL-17, leukemia inhibitory factor, macrophage colony-stimulating factor, tumor necrosis factorb, granulocyte macrophage colony-stimulating factor, and monocyte chemotactic protein-1 were significantly elevated in patients with lower serum adipsin levels compared with those with higher adipsin levels. In contrast, serum levels of IL-16, cutaneous T-cell-attracting chemokine, adiponectin, and cyclophilin A were significantly elevated in patients with higher serum adipsin levels compared with those with lower adipsin levels. Indeed, it has been reported that inflammatory cytokines are associated with cancer development. 58 Thus, elevated levels of cytokines/chemokines in patients with higher adipsin may have contributed to the development of atherosclerosis and cancer in the present study.
Alternative Complimentary System and Atherosclerosis
Adipsin is mainly secreted from adipocytes, monocytes, and macrophages, catalyzing the rate-limiting step of the alternative complement pathway. 25 In this pathway, adipsin cleaves complement factor B and catalyzes the formation of C3 convertase, which leads to a hydrolysis cascade that produces various complement fragments including C3a, C3b, C5a, and C5b. 25 The complimentary system stimulates macrophages to phagocytose bacterium and induces inflammation. 25 In the present study, serum adipsin levels predicted future incidence of AMI in patients with CAD. Consistently, it has been reported that higher serum levels of adipsin were associated with an increased 10-year risk of ischemic stroke among middle-aged men. 31 Thus, the present study shows the new aspects of the alternative complementary system that promotes atherosclerosis. These days, it has been reported that lower circulating adiponectin levels increase insulin resistance, further develop arteriosclerosis, and contribute to the development of cardiovascular disease. [59] [60] [61] [62] [63] As shown in Figure S2 , serum adiponectin levels are positively correlated with serum adipsin levels in the present study. This result is in contrast to the previous reports. 62, 63 Considering the previous reports, it is easy to understand whether adipsin and adiponectin are inversely correlated, but it is conceivable that the present findings suggest a new aspect of the relationship between adipsin and adiponectin. Adipsin is also known as complement factor D, playing central roles in the complement system alternative pathway. 29 The definitive difference between adipsin and adiponectin is thought to be a difference in the involvement in the immune system. However, at this time, there are no data that are sufficient for proof, which is a subject to be studied in future studies.
Future Perspectives
In the present study, we were able to demonstrate that serum adipsin levels predict the need for future revascularization. Additionally, receiver operating characteristic curves clearly showed that serum adipsin levels predict the incidence of and deaths caused by AMI in patients with CAD. Indeed, 5 patients developed AMI during the follow-up, and 4 of them died. Importantly, all of the patients with AMI during the follow-up period had higher serum adipsin levels, suggesting that serum levels of adipsin may be useful in identifying patients at high risk for AMI. Thus, further analyses with an increased number of patients may provide further evidence of adipsin as a biomarker for future occurrence of AMI.
Study Limitations
Several limitations should be mentioned for the present study. First, the detailed mechanisms of adipsin-mediated development of atherosclerosis remain to be elucidated. Second, the number of patients in the present study was relatively small. However, despite the small sample size, serum adipsin levels had a significant prognostic impact to predict AMI. Additionally, this limitation did not affect the validity of the main result of the present study. Future prospective analysis in a large cohort will further elucidate the importance of serum levels of adipsin. Next, the association between adipsin and other complement factors is important. However, in the present study, we did not measure other complement factors. This point remains to be addressed in future studies.
Conclusions
In the present study, we were able to demonstrate, for the first time, that higher serum adipsin levels in patients with CAD predict all-cause death and rehospitalization. Combining adipsin levels with other established biomarkers (BNP or hsCRP levels) would further enhance the prognostic impacts of serum adipsin levels in patients with CAD. Importantly, the present study demonstrates that higher adipsin levels in patients with CAD can predict future death caused by AMI or cancer. Thus, serum adipsin levels could be a novel and useful biomarker in the super-aging society.
